P
ierre Robin sequence is classically defined as the triad of micrognathia, glossoptosis, and respiratory distress, with most infants (60%-90%) also having cleft palate.
1,2 Infants frequently have feeding and respiratory difficulties from posterior displacement of the tongue in the setting of mandibular hypoplasia. Initially, infants can be managed by placement in the prone position and use of gastric lavage feeding tubes. 3 Pasyayan and Lewis 4 reported good results for 25 Pierre Robin sequence patients managed with these conservative measures only. If the infant does not improve with positioning, an oral airway or nasopharyngeal intubation may relieve the distress. 5 In cases of severe respiratory distress or failure to thrive despite these conservative measures, surgical intervention is necessary to relieve obstruction. Tracheostomy can definitively restore the airway but is not without significant morbidity, including hemorrhage, pneumothorax, fistula, tracheitis, and difficulty in decannulation. 6, 7 Recently, mandibular distraction osteogenesis has been advocated as a means to improve airway obstruction and avert tracheostomy. 8 This procedure is rather involved, however, and entails demanding postoperative care. The long-term effects of mandibular distraction on growth and dental development are unknown at this time.
Beverly Douglas 9 first proposed glossopexy as a means of relieving airway obstruction in Pierre Robin sequence. This procedure remains a subject of debate, with favorable results countered by reports of complications, including dehiscence, infection, submaxillary duct obstruction, and lip scarring. 3, 10, 11 In this study, we review our experience with tonguelip plication surgery over a 15-year period to determine its clinical usefulness.
MATERIALS AND METHODS

W
e retrospectively reviewed the records of all infants with Pierre Robin sequence who were treated with glossopexy at the Craniofacial Clinic at the University of California at San Francisco (UCSF) between 1987 and 2002. Hospitalization records as well as clinic follow-up notes were reviewed. This study was approved by the University of California at San Francisco Committee on Human Research.
Initially, infants referred to our center in respiratory distress were managed by prone positioning and supplemental oxygen through nasopharyngeal prongs or isolette. If necessary, an oral airway or endotracheal intubation was provided. To ensure adequate weight gain, infants were fed by special nipple, gavage, and/or gastrostomy as needed. With severe or continued respiratory distress, infants were seen by a plastic surgeon and evaluated for tonguelip plication by clinical examination, sleep study results, and bronchoscopy results. If bronchoscopy demonstrated a normal lower airway with positional obstruction by the tongue, the infant was judged to be a good candidate for glossopexy. Significant desaturation events, carbon dioxide retention levels, negative intrathoracic pressures, and/or obstructive apneic episodes on sleep study were also used as criteria for surgery.
The technique of tongue-lip adhesion was similar to that described in prior reports from other centers. Incisions were made below the tip of the tongue and in the wet mucosa of the lower lip, superficial to the orbicularis muscle. The posterior mucosal closure was first performed using 4-0 chromic catgut. After this, a stay-suture of 4-0 Prolene was placed through the skin of the chin, through the wound, out the tongue, and back into the chin again. This was placed over a button on the tongue and a second button on the chin, which was padded with foam. This was tied after the closure was completed, and the anterior mucosa was closed with 4-0 chromic catgut.
Immediately after surgery, most infants were extubated in the operating room and then returned to intensive care. Pulse oximetry and transcutaneous monitoring tracked oxygen saturation and carbon di-oxide levels, respectively. We compared oxygen saturation and carbon dioxide levels before surgery with those after surgery from postoperative day 3 to discharge. (We chose the third postoperative day, because the infant was often agitated immediately after surgery and we wanted to allow the patient sufficient time to recover from the stress of such a procedure). Pre-and postoperative levels were compared by the paired Wilcoxon signed rank test (nonparametric analysis), with significance established at a probability value less than 0.05.
Infants were fed by gavage after surgery, and allowed to nipple only after their buttons had been removed (usually at 10 days after plication). After button removal, infants were introduced to bottlefeeding and encouraged to nipple. We found the total length of hospital stay and used Spearman analysis to determine the correlation between length of hospitalization and age at glossopexy.
Infants were brought back to the hospital for release of their plication at a later date, optimally at the same time as cleft palate repair. Glossopexy release was performed with palatoplasty if the patient was judged to have good respiratory function and to be at little risk for airway compromise after palate closure. Otherwise, release was delayed until after palate closure had been performed.
As outpatients, all infants were closely followed by the craniofacial team at our clinic, comprised of a nurse, speech pathologist, geneticist, plastic surgeon, dentist, and social worker. Patients were followed at least on a yearly basis if they had no significant problems or complaints.
RESULTS
General
O
f the 72 infants with Pierre Robin sequence seen at our craniofacial clinic between 1987 and 2002, 25 (35%) received tongue-lip plication. Complete chart notes could not be accessed for 2 infants, who were excluded from this study. All the children in this study had cleft palate as well as the classic triad of retrognathia, glossoptosis, and respiratory difficulty.
Of the 23 patients (11 male, 12 female) in our study, 18 were term infants with a gestational age greater than 36 weeks and 5 were premature. All underwent genetic workup for syndromes associated with Pierre Robin sequence. Seven infants had isolated Pierre Robin sequence with no other anomalies (30%), whereas the remainder (70%) had other congenital malformations: 3 infants had evidence of Stickler syndrome, 1 infant was diagnosed with spondyloepiphyseal dysplasia, and 12 infants were not diagnosed with specific associated syndromes, although they demonstrated cardiac defects, musculoskeletal abnormalities, and craniofacial defects. Of this group, 3 infants were born to diabetic mothers.
Thirteen patients were transferred to the UCSF Neonatal Intensive Care Unit (ICU) for airway and feeding management immediately after birth at another hospital. Ten patients presented to our hospital for initial evaluation sometime after birth (2 weeks to 3 months) because of worsening respiratory status. All patients except 1 underwent bronchoscopy before surgery to assess the patency of the airway and to exclude lower airway causes of obstruction such as laryngeo-or tracheomalacia. Ten patients had formal preoperative sleep studies demonstrating a mean oxygen desaturation of 64.5 ± 8.9%, carbon dioxide level of 55.2 ± 8.5 torr, and esophageal pressure swing of 52 ± 28.2 mm H 2 O.
The mean age at tongue-lip plication was 38.2 days (range: 4-115 days). The mean length of hospitalization was 29.1 days (range: 3-70 days). There was a significant negative correlation between age at plication and length of hospitalization (Spearman R = −0.44, P = 0.048). The infants transferred directly to our care from birth because of respiratory or feeding complications generally had longer hospitalizations than did the infants who were referred to our center at an older age.
Respiratory Status
All our patients had significant airway obstruction before surgery as demonstrated by physical signs of respiratory distress (retractions, stridor, or snoring), hypoxia and desaturation events on oxygen monitors, and/or obstructive apnea on sleep studies.
The mean lowest desaturation level before tongue-lip plication was 63.2 ± 17.1%, which improved to 88.3 ± 12.9% after surgery (measured from the third postoperative day). There was a significant difference in the levels of desaturation before and after glossopexy (P = 0.0005, Wilcoxon signed rank test). The mean highest carbon dioxide level was 57.5 ± 19.4 torr before surgery and 52.9 ± 15.1 torr after surgery, a difference that did not reach statistical significance (P = 0.41, Wilcoxon signed rank test).
Before surgery, all patients required supplemental oxygen (intubation = 4, oral airway = 9, oxygen hood = 6, nasal cannula = 4, and blow-by oxygen as needed for desaturation events). Five patients had home apnea monitors.
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After surgery, 19 infants were extubated immediately after surgery; supplied with oral airway, nasal cannula, and supplemental oxygen as needed; and weaned to room air in only 2.2 ± 2.1 days after glossopexy. Three infants needed temporary intubation for several days (2 secondary to respiratory distress and 1 secondary to oversedation with narcotics). One infant, who had not received preoperative bronchoscopy, required conversion to tracheostomy for laryngomalacia diagnosed after glossopexy.
Six patients had postoperative respiratory distress. Two infants had postoperative stridor from edema and secretions but improved without further apnea on long-term follow-up. One infant continued to demonstrate mild apnea on follow-up. One infant without preoperative bronchoscopy required tracheostomy for laryngomalacia as mentioned previously. Another infant had dehiscence of his plication and required revision as well as later hyoid suspension surgery. He had numerous lung problems, including bronchiolitis obliterans, severe asthma, and recurrent pneumonia, and later expired from respiratory infection. The final infant had continued upper airway obstruction despite the glossopexy and underwent mandibular distraction surgery at the age of 4 months. All six patients with postoperative respiratory distress had syndromes or other congenital anomalies associated with Pierre Robin sequence.
Feeding Status
Most infants had feeding difficulties after birth and before tongue-lip plication. Nineteen infants required gavage feeding before surgery (either alone or in combination with nipple feeding), 3 infants could be fed by nipple alone, and 1 infant had a gastrostomy tube.
After surgery and removal of the tongue button, 10 infants were weaned to bottle-feeding alone on postoperative day 21.0 ± 7.6. Four infants were discharged with gastrostomy tubes (including 1 infant who had his before surgery). Nine infants were discharged home with gavage tubes. Of these patients, 5 infants later converted to oral feeding without problem, 1 was lost to follow-up, and 3 subsequently underwent gastrostomy because of myopathy (1), aspiration on swallow study (1) , and severe oral aversion (1). The seven total infants with gastrostomy tubes all had associated congenital malformations or syndromes on follow-up. All the patients with isolated Pierre Robin sequence learned to feed orally.
At 1 year of age, mean height was in the twentieth percentile and mean weight was in the nineteenth percentile (in 16 patients for whom data were available). At 2 years of age, mean height was in the twentieth percentile and mean weight was in the twenty-ninth percentile (in 13 patients for whom data were available).
Short-Term Complications
Six patients had dehiscence of their tongue-lip plication (range: 5 days to 6 months). Glossopexy was redone in one patient for persistent desaturation events (mentioned previously), whereas five patients were deemed clinically stable without need for repeat surgery. Two of these five patients had partial dehiscences that were maintained by the retained suture.
There were no cases of infection, and no operative or immediately postoperative deaths. None of the patients in this study required revision surgery for scar deformations of the lip, chin, or mouth.
Tongue-Lip Plication Release
Fourteen of 23 Pierre Robin sequence patients had release of their tongue-lip plication at a mean age of 14.8 ± 4.9 months. Hospital stay averaged 2.9 ± 1.7 days. Five patients were not released secondary to prior dehiscence, 1 was lost to follow-up, and 3 are pending release at the time of this report.
Eleven patients had release of their tongue-lip plication at the same time as cleft palate repair (mean age of 13.2 ± 3.0 months). The mean length of hospitalization was 3 ± 0.82 days, excluding 1 patient who was hospitalized for 7 days secondary to other operations (repair of clubfoot and gastrostomy tube replacement). Of these patients, 5 experienced no complications from concomitant cleft palate repair and plication release. Four patients had desaturation events to the 80s and 90s, requiring supplemental oxygen (n = 4) and temporary tongue traction (n = 1). Two patients had difficulty in taking fluids orally. All patients recovered completely in several days, however, by the time of discharge.
Three patients had release of their glossopexy delayed until after cleft palate repair (mean age of 20.3 ± 7.2 months at time of release) because of recent respiratory difficulties from pneumonia or viral upper respiratory infection (n = 2) or smaller mandibular size (n = 1). There were no complications associated with either glossopexy release or cleft palate repair.
Long-Term Follow-Up
The mean length of follow-up was 3.3 ± 2.9 years for all patients. Sixteen of 23 patients (70%) had good
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respiratory function without apnea, morbidity, or mortality as of their most recent follow-up visit. All 7 patients with isolated Pierre Robin sequence were in this group as well as 9 of 15 patients with associated congenital anomalies or syndromes.
Two patients demonstrated signs of respiratory distress, including desaturation while feeding (n = 1) and partial obstructive sleep apnea with desaturation to the 90s (n = 1). Neither of these patients was thought to be in severe enough respiratory distress to warrant tracheostomy, however.
The patient who underwent tracheostomy for laryngomalacia after tongue-lip plication is still cannulated as of his most recent clinic visit (cannulation length = 8.5 years). A second patient underwent tracheostomy at 8 months for recurrent respiratory infections and pneumonia and was decannulated 7.5 years after tracheostomy. The single patient who underwent mandibular distraction osteogenesis for continued obstructive apnea after tongue-lip plication did well on follow-up.
There were two deaths. One patient died at the age of 2 years secondary to polymicrobial pneumonia superimposed on severe respiratory difficulties from recurrent pneumonia and bronchiolitis obliterans (mentioned earlier). A second patient died at the age of 3 years from gastrointestinal bleeding at an outside hospital.
All the patients with respiratory complications, tracheostomy, and mortality on follow-up had associated congenital malformations or syndromes. The backgrounds and outcomes of our study patients are summarized in Table 1 .
DISCUSSION
The cause of respiratory distress in Pierre Robin sequence infants is upper airway obstruction from glossoptosis in the setting of an underdeveloped retrognathic mandible. Other factors may aggravate this obstruction, including impaction of the tongue in the palatal cleft. 12 Negative esophageal pressure, which develops during upper airway obstruction and increases as the patient breathes or swallows, may also draw the tongue back. 13 A retrodisplaced genioglossus attachment on the mandible can impair its ability to hold the tongue forward. 
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Infants with less severe manifestations can be managed by placement in the prone position, taking advantage of gravity to draw the tongue forward. An oral airway or nasopharyngeal intubation often successfully relieves the distress if the infant does not improve. Marques et al 5 found that 38 of 62 Pierre Robin sequence patients could be managed by prone positioning or nasopharyngeal intubation alone, without need for surgical intervention. 14 Sher 15 reported that of 53 Pierre Robin sequence infants managed with nasopharyngeal intubation, 24 subsequently underwent glossopexy and 9 had a tracheotomy. Our experience was similar, with only 32% of diagnosed patients requiring surgical intervention.
In cases of persistent respiratory distress, cyanotic attacks while feeding, and failure to gain weight progressively over a week, surgical intervention is necessary to relieve obstruction As originally described by Beverly Douglas, 9,16 glossopexy consists of suturing a denuded rectangular area under the tongue to denuded areas of the mouth floor, alveolus, and lower lip with a mattress tension suture from the tongue dorsum to chin. Others have subsequently modified this procedure to include making wider and deeper contacts between the lip and tongue, 17 releasing the genioglossus muscle from its attachment on the mandible, 18 and securing the tongue to a stay-suture looped around the mandible. 15 Glossopexy has declined in use as a result of reports in the literature that it does not always provide resolution of airway symptoms. 3, 19 In contrast, several authors have reported good results with glossopexy in patients carefully selected for the procedure by preoperative bronchoscopy or some other means of establishing glossoptosis as the causative factor for obstruction, such as lateral neck radiographs. [20] [21] [22] Infants with Pierre Robin sequence are an etiologically heterogeneous group with variable associated syndromes and other possible explanations for respiratory distress besides glossoptosis. Abnormal basicranial angulation, pharyngeal hypotonia, central nervous system disorders, and laryngeal anomalies may all contribute to respiratory distress in these patients. 23 Certainly, treatment of respiratory distress must be specific to its etiology. Only patients with true glossoptosis could be expected to benefit from a plication procedure, and this has been borne out in some studies.
We selected patients for glossopexy by preoperative bronchoscopy and sleep study results as well as by observations of persistent respiratory distress and hypoxic events. In the 10 patients who underwent sleep study, mean oxygen desaturation was 64.5 ± 8.9% and mean carbon dioxide level was 55.2 ± 8.5 torr. These numbers are similar to the objective criteria proposed by Freed et al 23 for surgical intervention in Pierre Robin sequence infants: 1) average transcutaneous oxygen below 60 mm Hg or carbon dioxide above 50 mm Hg over 8 hours, 2) obstructive episodes on sleep study, and 3) oxygen saturation levels below 80%.
In our patient population, 16 of 23 Pierre Robin sequence infants treated with glossopexy (70%) showed good long-term respiratory function without further apnea. Furthermore, improvement in respiratory status was fairly rapid, with infants averaging 2 days to wean to room air. The difference in severity of oxygen desaturation events before and after glossopexy was statistically significant. The persistence of elevated carbon dioxide levels is of concern and may indicate a continued level of respiratory obstruction in the early phase; the placement of the stay-suture over a button on the posterior tongue may have contributed to continued carbon dioxide retention.
Of the patients who did not have successful outcomes, two demonstrated mild airway obstruction that was not thought to be severe enough to warrant tracheostomy or further surgical management; if these were included as successes, the success rate of the procedure would rise to 78%.
Most of our patients were successfully treated with glossopexy, which supports the results of Argamaso, 21 who found no further apnea in 23 of 24 infants who underwent glossopexy and one death. All the complications (distress, tracheostomy, and death) occurred in infants with syndromes or congenital anomalies associated with their Pierre Robin sequence, which suggests the importance of associated comorbidities in predicting outcome. None of the 7 infants with isolated Pierre Robin sequence had any problems after tongue-lip adhesion.
Glossopexy has been reported to be associated with numerous complications, including dehiscence, infection, submaxillary duct obstruction, and lip scarring.
3,10,11 Cauoette-Laberge et al 1 gradually abandoned glossopexy in favor of a subperiosteal release of the floor of the mouth musculature because of frequent dehiscences and need for revisions with glossopexy. Indeed, we had six cases of suture dehiscence. We only needed to perform repeat glossopexy in one infant, however, and two cases were partial dehiscences that were managed with the retained suture. Half of the cases of dehiscence occurred earlier in our study, in the first three patients treated. The accumulation of surgical experience THE JOURNAL OF CRANIOFACIAL SURGERY / VOLUME 14, NUMBER 5 September 2003 over time has improved outcomes, and the familiarity of the surgeon, the craniofacial team, and the neonatologists with the procedure plays a critical role in success.
We were able to avoid a tracheostomy in all but two patients, one of whom is still cannulated at 8.5 years and another who was decannulated at 7.5 years. In a study of young children with endotracheal intubation, Line et al 7 found that only 5 of the 15 patients with congenital airway obstruction (including micrognathia or laryngeal abnormalities) had been decannulated over a 15-year study period. Our experience of cannulation times that are longer than anticipated or desirable is in accordance with these data. Both of our patients developed granulomas and problems with tracheomalacia and underwent multiple failed attempts at decannulation. Given the severity of problems with tracheostomy, it seems that glossopexy offers a much safer alternative.
There is some concern that plication of the tongue to the lower lip prevents normal tongue movements during feeding, possibly interfering with sucking or swallowing. 1 Although we do not feed these children while the retention button is in place, 70% of these children were able to bottle-feed after the button was removed. Again, as with respiratory complications or mortalities, all the patients with gastrostomies were those with syndromes or associated malformations. It is likely that many anatomical and physiological factors contribute to cause feeding difficulty in these complex cases of nonisolated Pierre Robin sequence, increasing the risk for gastrostomy.
Tongue release was performed at the same time as cleft palate repair in as many cases as possible to decrease the number of operations and hospitalizations for the patient. Only if the infant had airway problems (e.g., secondary to recent lung infection) or appeared to have poor growth of the mandible was the glossopexy release delayed. Of the 11 patients who had concomitant release and palate repair, 5 had no complications, whereas the others either demonstrated mild desaturation events to the 80s and 90s or had feeding difficulty, all of which resolved over the course of several days. None of the 3 patients who underwent plication release sometime after palatoplasty experienced complications during either surgery. Our experience is in contrast to that of Lehman et al, 3 who found that all patients who had histories of severe respiratory or feeding difficulties at birth and required surgical intervention, including 3 patients with glossopexy, experienced complications at the time of cleft palate repair.
Other than a slightly longer hospital stay than needed for isolated cleft palate repairs, we found that glossopexy could be successfully released at the time of palatoplasty without severe complications, minimizing the number of operations for the patient.
CONCLUSION
A retrospective review of glossopexy for Pierre Robin sequence reveals that 70% (16 of 23) of patients had good respiratory function without further apnea after glossopexy and that the same number successfully learned to feed orally. All the infants with isolated Pierre Robin sequence had successful respiratory and feeding outcomes, which suggests the importance of associated comorbidities in affecting long-term outcome after plication surgery. Glossopexy is a simple procedure with relatively rapid and significant clinical improvement after surgery and few long-term problems. In patients without recent respiratory infection or other problems, it can be released at the same time as cleft palate repair without significant airway compromise or prolonged hospital stay. Glossopexy is a safe and effective surgical intervention in patients with Pierre Robin sequence and severe respiratory distress.
